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Abstract
·AIM:Toevaluatetheefficacyandsafetyofacombined
treatmentformyopicchoroidalneovascularization(CNV)
using photodynamic therapy (PDT) and intravitreal
bevacizumab and to compare it with intravitreal
bevacizumabmonotherapy.
· METHODS: Thirty-four eyes with angiographic
evidenceofmyopicCNVwererandomlydividedintotwo
groups: 17 were treated with one intravitreal
bevacizumabinjection (1.25mg)andlow-fluence-rate
PDTwithinsevendaysoftheinjection (GroupA).The
other 17 received monotherapy with bevacizumab
injections(GroupB).Clinicalevidenceofcomplications,
bestcorrectedvisualacuity (BCVA)andfluorescein
leakagewereevaluated.BCVAandopticalcoherence
tomography (OCT) were evaluated monthly. The
timepointsfollow-upwasestablishedat6and12mo.All
patientswereretreatedfollowingaPRNprotocol.
·RESULTS:Atotalof34eyesof34patients(26women
and8men)withameanageof62.35yearswere
included.InGroupA(17eyes)themeanBCVAincreased
from0.55 依0.13logMARbeforethetreatmentto0.40依
0.09logMARatthe12mofollow-up( <0.01).InGroupB
(17eyes)themeanBCVAincreasedfrom0.60依0.11logMAR
beforethetreatmentto0.55 依0.12logMARatthe12mo
follow-up(<0.01).Therewasnostatisticallysignificant
differencebetweenthetwogroupsintermsofLogMar
visualacuity.InGroupAthemeannumberofcombined
treatmentswas1.8 依0.11perpatient;inGroupBthe
meannumberofintravitrealbevacizumabinjectionswas
3.1 依0.08perpatient.Thenumberoftreatmentswas
significantlyfewerinGroupA ( <0.01).Nolocalor
systemicsideeffectsoccurredamonganyofthepatients
treatedinthisstudy.
· CONCLUSION:Thecombinationofanti-angiogenic
injectionsandPDTappearstobeasafeandeffective
optionformyopicCNVtreatmentandallowsfora
significantreductionofintravitrealinjections.
·KEYWORDS: bevacizumab;combinedtherapy;myopia;
neovascularization;photodynamictherapy
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INTRODUCTION
C
horoidalneovascularization(CNV)isoneofthemost
vision-threateningcomplicationsinyoungand
middle-agedpatients
[1] secondtopathologicmyopia(PM).
Nearly10%ofpatientswithdegenerativeretinalfindingsdue
toPMdevelopCNV.ThenaturalcourseofmyopicCNVis
variableandthelongtermprognosisisknowntobepoor.
Laserphotocoagulationisanon-selectivetreatmentwhich
involvesthefullretinalthickness.Useofalaserresultsina
retinalscarandforthisreasonitcanbeusedinextraor
juxtafovealCNV(bothlesionsrepresentlessthan50%ofthe
totalcasesofCNV).Moreover,lasertreatmentisrelatedtoa
highfrequencyofrelapsesandenlargementoflaserscarsand
forthesereasonsitisnolongerusedfortreatingCNV
[1,2].
Photodynamictherapy(PDT)withverteporfinisaneffective,
secureandapprovedtreatmentbecauseofitsselectiveaction
onneovascularlesionswhichsparesthesurroundinghealthy
retina.TheVIPstudy
[3] analyzedthebeneficialeffectsof
PDTcomparedtoaplacebogroupanddocumentedthe
stabilizationorimprovementofvisualacuityafteroneyear.
Thisresultisnotmaintainedatthe24mofollow-upbecause
ofthespreadofmacularatrophy
[3-6].
Thewidespreaduseofintravitrealinjectionsofanti-VEGF
drugsinthetreatmentofCNVduetoagerelatedmacular
degeneration(AMD)hasledtothedevelopmentofnew
therapeuticstrategies.Theuseofanti-VEGFdrugstotreat
CNVsecondarytoPMiscurrentlyoff-labelandithasbeen
evaluatedinafewnon-randomized,uncontrolledclinical
335trials
[1].ThestudygroupsofLaiandYamamotodemonstrated
thatthistherapyisaneffectivetreatmentformyopic
lesions
[7,8].Gharbiya
[9] alsoevaluatedthesafetyof
intravitrealbevacizumab(1.25mg)inmyopicCNVand
obtainedasignificantanatomicandfunctionalimprovement
afteratwoyearfollow-up.Chan
[10] analyzedagroupof
17 patients whounderwentthreemonthly intravitreal
injectionsofbevacizumabandreportedagainofvisual
acuityfrom0.62logMARto0.38logMARwithamean
improvementof2.4ETDRSlines
[10].Parodi
[2] compared
thevisual acuityof threegroupsreceivingdifferent
treatmentssuchaslasertherapy,PDTandintravitreal
bevacizumab.Overall,thebevacizumabgroupachievedthe
bestfunctionalresultsduringthetwo-yearfollow-up
[2].
Intravitrealinjectionofanti-angiogenicdrugshasspecifically
beenconsideredthefirstlinetherapyforsuborjuxtafoveal
neovascularizationsince2009,becauseofthesafetyofthe
procedure,goodvisualoutcomesreportedinseveralpilot
studiesandfinally,fortheencouraginglongtermresults
[4,5].
RecentstudieshaveshownthatcombinedPDTwith
anti-VEGFinjectionsmaybeagoodalternativeforthe
treatmentof choroidalneovascularizationsecondaryto
pathologicalmyopia.Inaddition,anincreasedpercentageof
macularatrophywasnotedaftertreatment
[11].
CombinedtherapyformyopicCNVhasonlybeguntobe
adoptedinthelasttwoyears.Han
[12] usedanti-VEGF
andPDTtotreatasmallandheterogeneousgroupofpatients
withextraorjuxtafovealneovascularmembranes.Different
studiesdealingwithcombinedtherapyforpathological
myopiawerecarriedoutwithdifferenttherapeuticprotocols,
inparticularwithvaryingintervalsoftreatment
[13,14].These
differentprotocolsmayleadtodifferentfunctionaloutcomes.
Thisstudywascarriedoutinpatientsaffectedbymyopic
CNVwhoweretreatedwithacombinedtherapyusing
intravitreal bevacizumabandlow-fluence-ratePDT,or
intravitrealbevacizumabmonotherapy.Theaimwasto
evaluatethesafetyandtheefficacyofthecombined
treatmentbycomparingittobevacizumab.Moreover,we
wantedtoevaluatewhethercombinedtreatmentcould
decreasethenumberofintravitrealinjections.Follow-up
lastedoneyear.
SUBJECTSANDMETHODS
Subjects Thiswasaprospective,consecutive,comparative,
interventionalcaseseriesstudyinwhichweanalyzedthe
outcomesoftwotherapeuticstrategies.
Thirty-fourpatientswereincludedinthestudyandthen
randomizedintotwodifferenttreatmentgroups.
GroupAwascomposedof17eyeswhichreceivedthe
combinedtherapy:oneintravitrealinjectionof1.25mgof
bevacizumabfollowedbylow-fluence-ratePDTwithin7dof
theinjection.GroupBwascomposedof17eyeswhich
receivedintravitrealbevacizumabinjectionsasmonotherapy.
Follow-uplasted12moforallpatients.
Methods Inclusioncriteriawasmyopicpatientswithactive
CNV(juxtafovealorsubfoveal)diagnosedwiththeuseof
fluoresceinangiographyandopticalcoherencetomography.
Pathologicalmyopiahasbeendefinedasaspherical
equivalentrefractiveerrorof-6.0diopters(D)ormorein
phakiceyes,andanaxiallengthof>25mminpseuphakic
eyes.Bothna觙veandpatientspreviouslytreatedwith
anti-VEGFdrugsorlaserandPDTtreatmentinthe
extrafovealareawereincludedinthestudy.Theexclusion
criteriaweremembranesnotcorrelatedtopathologicmyopia
orlargerthanonediameterofopticaldiscpreviouslylaser
andPDTtreatmentinvolvingthefovealorjuxtafovealarea,
glaucomanotcontrolledbytherapyandintoleranceto
medicationused.
Acarefulmedicalhistory,completeophthalmicevaluation
withOCT(StratusOCT;CarlZeissMeditec,Dublin,CA)
andfluoresceinangiographywereperformedduringthe
screeningvisit.Patientswereevaluatedmonthlyforvisual
acuityandthecentralretinalthicknesswasmeasuredusing
theOCTexam.WeusedStratusOCTwitha6-mmlinear
cross-hairpatternthatwascenteredonthefovea(512
A-scans;scanlength,6.0mm)andafastmacularthickness
mappattern.Moreovervisualacuity,fundusexamination,
fluoresceinangiographyandopticalcoherencetomography
wereperformedatthefixedintervalsof6and12moduring
thefollow-up.Thebestcorrectedvisualacuity(BCVA)was
determinedusingtheEarlyTreatmentDiabeticRetinopathy
Study(ETDRS)chartsandthenconvertedtologMARfor
dataanalysis.
GroupAwastreatedwithoneinjectionofbevacizumab
(1.25mg)followedbylow-fluence-ratePDTwithin7dofthe
injection.Bevacizumab(1.25mg)waspreparedbythe
hospitalpharmacyandplacedina1mLsyringeundersterile
conditions.Injectionswereperformedunderstrictaseptic
conditionsundertopicalanesthesia,usinga27Gneedle.A
doseof0.05mLofbevacizumab(Avastin;Roche,Basel,
Switzerland)wasinjectedintothevitreouscavity.Topical
Ofloxacinawasprescribedfourtimesdailyforsevendays
aftereachinjection.Patientswereseenthefirstandfourth
dayaftereveryinjection.Thesameprotocolwasusedfor
PDTtreatmentcontrols.
GroupBwastreatedwiththreemonthlyintravitreal
bevacizumab(1.25mg)injections.Theidenticalprocedure
describedabovewasusedforeachinjection.
Patientsreceivedadditionaltreatmentwhenevidenceof
activeleakageatfluoresceinangiographyorintraretinal
edemawasdetectedattheOCTexam.Theretreatment
criteriawere:lossofvisualacuity,increaseorpermanenceof
intraretinaledemaandthepresenceofleakageatfluorescein
angiography(PRNprotocol).
Thestudyalsoevaluatedthedevelopmentofsub-retinal
fibrosis(SRF)oratrophyattheendofthe12mofollowup
observingthepresenceofhyper-reflectiveformationunder
theretinaattheOCTexamandtheabsenceofbloodor
exudateswhichshowedstaininginlateangiographicframes
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withoutfluoresceinleakage.
Attheendofthefollow-up,therewerenoactivelesionsin
anypatients.
Thestudywasperformedinaccordancewiththetenetsofthe
DeclarationofHelsinki,andinformedconsentwasobtained
fromallsubjects.
StatisticalAnalysis Statisticalanalysiswasperformedusing
SAS(version9.2)statisticalsoftware(SASinstitute.SAS-
STATV9.2,Cary,NC,USA,2008).
GroupAandGroupBwerecomparedatbaselineformean
age,baselineBCVA(analyzedwithStudent -test),gender
andprevioustreatments(analyzedwiththeChi-quadrotest).
ThevariationofVAafter6and12mowasanalyzedusinga
pairedStudent -test.Themeannumberofinjectionsineach
groupwasanalyzedusingtheMann-Whitneytest.The
correlationbetweenbaselineBCVAandvisualacuity
variationwasevaluatedusingthe Pearsoncorrelation
coefficient.Thelevelofstatisticalsignificancewastakenas
5%( <0.05).
RESULTS
Atotalof34patientswithmyopicCNVweredividedintwo
treatmentgroups.GroupAincluded17eyes(17patients):14
womenand3men.Themeanagewas61.7years(agerange
from50to75).Eleveneyesreceivedprevioustreatments
followingtheinclusioncriteria.Theothersixhadnever
receivedanypriortreatment.GroupBincluded17eyes(17
patients):12womenand5men.Themeanagewas63years
(agerangefrom57to69).Fiveeyeshadreceivedprevious
treatments;therestofthegroup(12eyes)hadneverreceived
anypriortreatment.Thetwogroupswerehomogeneousfor
meanage,sex,previoustreatmentandbaselineBCVA.There
wasnostatisticalsignificantdifference ( <0.05)between
GroupAandGroupB.ThemeansofBCVAandnumberof
injectionsforGroupaandBweresummarizedinTables1
and2.Statisticalanalysisshowedthatthedifferencebetween
themeannumberofinjectionsgiventothetwogroupswas
statisticallysignificant( <0.01).
Attheendofthefollow-up,therewerenoactivelesionsin
anypatients.
Bothgroupsshowedanimprovementofvisualacuityinthe
firstyearoffollow-up( <0.01).Theevolutionofthe
BCVAdataissummarizedinTable1andFigure1.Figure1
showsaprogressivedecreaseinlogMARvalueswhich
correspondstoagainofvisualacuity.
Althoughthevariationinvisualacuityatthesixthand
twelfthmonthsseemstobegreaterinGroupA,statistical
analysisdidnotdemonstrateasignificantdifference(>
0.05).Furtheranalysesofthedatawereundertakenandthe
logMARvariationswereputintocorrelationwithother
variablessuch asage,baselineBCVAandprevious
treatmentsforeachgroup.Therewasnostatisticalcorrelation
betweentheBCVAimprovementandthethreevariables
consideredinbothgroupsattheendofthefollow-up.The
onlysignificantcorrelation(<0.05)notedwastheone
betweenbaselinelogMARandthevisualgainattheendof
thefollow-upinGroupA.ThisresultmeansthatinGroupA,
thelowerbaselinevisualacuitycorrespondstoagreater
improvementoffunctionafteroneyear (negativePearson
correlationcoefficient).
TheBCVAvariationsduringthefollow-upweretakeninto
considerationinordertotestandcomparetheefficacyofthe
twotreatments.Theoutcomesweredividedintothree
categoriesfollowingthetrendsofvisualacuity:improved,
stableordecreased.ThelogMARdatainthefirstcategory
wasequaltoorlowerthan-0.1,forthestablesarangefrom
-0.1to0.1logMARwastakenintoconsiderationandfinally
inthelastcategoryvaluesequaltoorgreaterthan0.1
logMARwereincluded.
Figure2illustratesthedistributionofthevisualoutcomefor
eachgroupexpressedinpercentages.InGroupAwas
registeredat47.06%ofbothstableandimprovedcategories;
therestofthecases(5.88%)demonstratedalossofvisual
acuity.InGroupBthemajorityofpatients(88.24%)showed
astablevisualoutcomeafter12moandtherestofthegroup
(11.76%)reportedanimprovement.Therewerenocasesof
visuallossinthisgroup.TheresultsobtainedinGroupAand
Bwerestatisticallysignificantdifferent( <0.05usingFisher's
exacttest).
Anotheroutcomeconsideredinthisstudywasthe
developmentofSRForatrophyattheFAandOCT
examinations.SRForatrophywasseenasthepresenceofa
Table 1 Visual acuity (BCVA) of the two groups at baseline, after 
6 and 12 mo of follow-up. All data are expressed in logMAR 
Visual acuity 
(BCVA) 
BCVA 
baseline  BCVA 6 mo  BCVA 12 mo 
Group A  0.55±0.13  0.42±0.12  0.40±0.09 
Group B  0.60±0.11  0.54±0.10  0.55±0.12 
 
Table 2 Number of injections of bevacizumab (1.25mg) for 
each group 
No. of injections  Group A  Group B 
Mean  1.8±0.11  3.1±0.08 
Minimal value  1  1 
Maximal value  3  8 
 
Figure1Evolutionofvisualacuity (BCVA)ofthetwogroups
duringoneyearoffollow-up.DataareexpressedinLogMAR.
337hyper-reflectiveformationundertheretinaattheOCTexam
andtheabsenceofbloodorexudateswhichshowedstaining
inlateangiographicframeswithoutleakageoffluorescein.
TheobservationofallangiographicframesandOCTscans
demonstratedthatpreviouslytreatedeyesshowedagreater
presenceoffibrosis.MoreoverSRF appearedmore
frequentlyinthosepatientswithworseBCVAattheendof
thefollow-up.BothGroupAandGroupBpresenteda
fibroticoratrophicevolutionoftheCNVtreated.A
considerabledifferencewasnotnoticedbetweenGroupA
andGroupBintermsofthepresenceofSRFandatrophy
afteroneyearfrombaseline.Longerfollow-upstudiesand
specificinvestigations (takingintoconsiderationage,sex,
lesionsizeandtype .)arerequiredinordertodetermine
theinfluenceofPDTtreatmentincorrelationtovisualacuity.
Nolocalorsystemicsideeffectsoccurredamonganyofthe
patientstreatedinthisstudy.
Finally,Figures3and4showthetwogroups(GroupAand
GroupB)beforeandaftertherapy.
DISCUSSION
Thepurposeofthisstudyistoevaluatethesafetyandthe
efficacyofacombinedtreatmentusinglow-fluence-ratePDT
andintravitrealbevacizumabinmyopicCNVbycomparing
ittobevacizumabmonotherapy.
Inourstudythevisualoutcomewassignificantlyimprovedin
bothgroupswithnosignificantdifferenceatthe12mo
follow-up.InFigure1itispossibletonoticeadifferent
coursebetweenthetwogroupsduringthefirstandsecond
semesters.GroupAdemonstratesalinearimprovementinthe
firstsemesterwhich,inthesecondsemesterreacheda
plateau,whileGroupBrevealedasimilarcoursebutwitha
smallerimprovementinthefirstsemestercomparedtoGroup
A.Despitealackinstatisticallysignificantdifference,the
trendssuggestafasterfunctionalresponseinGroupAinthe
firstmonthsafterthetreatmentcomparedtoGroupB.
However,thetwogroupsdemonstratedasimilarfunctional
evolutioninthefirstyearoffollow-up.
WealsoobservedthatinGroupA,patientswithpoorer
visualacuityatbaselinegainedbetterfunctionalresults.This
trendmaybeexplainedasaceilingeffectsuchastheone
foundinDesco'sstudy.
Patientsweredividedintothreecategoriesbasedonthe
resultsofvisualacuity:improved,stableordecreased(Figure2).
Thepercentageofimprovedvisionwasclearlyhigherin
patientswhoreceivedcombinedtreatment(47.06%)compared
tothegrouptreatedwithonlyintravitrealbevacizumab
(11.76%).Onthecontrary,stablecasesweremorefrequent
inthebevacizumabgroup(88.24%)whileinthecombined
grouptherewere47.06%.Finally,inGroupBtherewereno
patientswhodemonstratedalossofvisualacuity.Thesedata
suggestthatthecombinationtreatmentoffersahigher
possibilityofimprovedvisualacuitywhencomparedtothe
bevacizumabmonotherapy whilethe treatmentwith
antiangiogenicdrugsshowsasuperiorpossibilityofstable
visualoutcomewithoutdecreasing.
Accordingtotheliterature,repeatedintravitrealinjectionsare
necessarytostoptheneovascularmembraneandtomaintain
visualimprovementinthemajorityofcases.
Duringtheoneyearoffollow-up,Hayashi
[15]
administeredfrom1to4intravitrealinjections(mean1.8)
perpatientinordertoobtainagoodfunctionalresponse.
Ikuno
[16] administered2.4+/-1.4injections,Chan
[10]
Figure2Visualoutcomesatthe12
th monthdividedintothree
categories:improved,stableanddecreased.
Figure3CaseofcombinedtreatmentPDTplusbevacizumab
injection(GroupA) A:Colorfundusphotography;B:Angiographic
imageatbaseline;C:Angiographicimageattheendofthefollow-up.
Figure4Caseofbevacizumabmonotherapy (GroupB) A:
Angiographicimageatbaseline;B:Afteraloadingphasewith3
intravitrealinjections.
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usedarangeof3-12injections(mean3.6)andfinally
Gharbiya
[9] administeredbetween3-7injectionswitha
meannumberof4dosesperpatient
[10,15-17].Fromthereported
studiesonecannoteagreatvariationintherangeofthe
numberofinjections.Inouropinion,thisresultisconnected
totheabsenceofastandardtherapeuticprotocolandtothe
variationofretreatmentcriteria.
Theimportanceofaddinglow-fluence-ratePDTto
bevacizumabinjections
[14,15,18-20] issupportedbythenecessity
ofreducingthemeannumberofinjectionsinorderto
decreasetheriskofintraocularcomplicationsrelatedto
surgical procedure.Infact, highlymyopiceyesare
predisposedtoperipheralvitreo-retinaldegenerationswhich
increasetheriskofretinalruptureanddetachments.
Inourstudy,therangeofinjectionswasfrom1to3for
GroupAwithameannumberof1.8依0.11treatments,while
inGroupBtherangewasfrom1to8andthemeannumber
ofinjectionswas3.1 依0.08 (Table2).Theresultsofthe
numberofinjectionsinGroupBareconcordantwiththose
reportedintheliteratureandaremorethanthoseperformed
inGroupA( <0.01).
Possiblelimitationsofthisstudycouldbetherelativelysmall
numberofpatientsinthegroups;moreoverthefollow-up
timemaybetoobrieftotakeintoaccountthelong-term
efficacyoftreatment.
Althoughpreliminary,ourfindingsareencouragingwhen
comparedwiththeresultsofclinicaltrialsevaluating
bevacizumabmonotherapyinjectionsinmyopicCNV.When
comparingintravitrealbevacizumabtocombinedtherapy,the
latterappearstobeausefultherapeuticchoicetopreserveor
improvevisualacuitywithareducednumberofintraocular
injections.Patientsmayalsobenefitfromareductionof
discomfortandtheriskofcomplicationsaswellasthe
benefitofthelowercostoftheprocedures.
Alarger,controlledprospective,randomized,comparative
studywithalongerfollow-upperiodwillberequiredinorder
to fullycomparethedifferencesbetweenanti-VEGF
monotherapyandcombinationtherapyintheefficacyof
treatment.
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